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DEAD RISE OF 22% AND BEAM-LOADING

COEFFICIENTS COF 0.48 AND 0.97

By Robert F. Smiley
SUMMARY

Smooth-water landing tests of a prismatic model having an angle of

o] .
dead rise of 22; were made as part of a landing investigation being con-

ducted at the Langley impact basin to determine the distribution of water
DPressure on seaplanes. Landings were made for beam-loading coefficients
of 0.48 and 0.97 at fixed trims between 0.2° and 30.3° for a range of
initial flight-path angles from 4.6° to 25.9° and also for 90°.

Initial impact conditions, over-all loads and motions, and maximum
Pressures are presented in tables and figures for all the landings,
together with instantaneous-pressure-distribution end wave-rise data.

The experimental wave rise, pesk pressures, and pressure distribu-
tions are found to be in fair agreement with the predictions of the
available theory; however, better agreement is obtained by modification
of the theory.

B INTRODUCTION

In order to obtain information regerding the magnitude and distribu-
tion of the water-pressure distribution during seaplane landings, an
experimental program is being conducted at the Langley impact basin on
various prismatic models. The results of investigations on heavily
loaded prismatic models having angles of dead rise of 0° and 30° have-
been reported in references 1 and 2, respectively. The present investi-
gation was made on a lightly loaded prismatic model having beam-loading

o
coefficients of 0.48 and 0.97, an angle of dead rise of 22% » and a beam
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of 3.39 feet. TFixed-trim landings were made in smooth water for a large
range of trims, veloclties, and flight-path angles. During each landing,
time histories of the pressures, velocities, draft, and over-all loads
were recorded.

The purpose of this paper 1s to present the experimental pressure-
distribution, velocity, draft, wave-rise, and over-all-loads data obtained
from this investigation and to use these data to evaluate and extend the
existing knowledge of the wave rise and pressure distribution on V-bottom
seaplanes. Pressure distributions are compared to show the effects of
flight-path angle and beam loading, and experimental wave-rise and pres-
sure data are compared with the available theoretlical and empirical pre-
dictions that are summarized in references 3 and 4. In addition these
theories are modified in order to obtain better agreement with the experi-
mental data.

BYMBOLS
A hydrodynamic aspect ratio
(Wetted length at keel)Z
Wetted area projected normal to keel
b beamn of model, feet
c wetted semiwidth at any station along keel, feet
-y equivalent planing velocity, feet per second
. . . Z
f = + t = )
Fy hydrodynamic force normal to keel {normal to surface for a
flat plate), pounds ' o
g acceleration due to gravity, 32.2 feet per second per second
J empirical function of angle of dead rise
tan &
X transverse-wave-rise ratio =2
tan 87

impact acceleration normal to undisturbed water surface,

g units JZcos T
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P instantaneous pressure, pounds per square inch

t time after water contact, seconds

v instantaneous resultant velocity of model, feet per second

W weight of model and dropping weight, pounds

X instantaneous velocity of model parallel ‘to undisturbed water

surface, feet per second

¥ instantaneous draft of model normal to undisturbed water
surface, feet

Yy instantaneous velocity of model normal to undisturbed water
surface, feet per second

instantaneous velocity of model normal to keel, feet per second
(x sin T + ¥ cos T)

Ne

-4 instantaneous acceleration of model normal to keel, feet per
second per second G-niwg)
cos T
B angle of dead rise, degrees
7 instantaneous flight-path a?gle relative to undisturbed water
surface, degrees (ta.n'l Z)
X
51, 52 angles used to designate wave rise, degrees
€ distance forward of step, measured parallel to keel, feet
1 transverse distance from keel, feet
8 effective angle of dead rise, degrees
A . length of keel below undisturbed water surface, beams
Xp wetted length based on peak-pressure location (longitudinal

distance from step to position of pesk pressure at keel),
beams '
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P mass density of water, 1.938 slugs per cubic foot T
T trim, degrees

Subscripts:

o} at water contact

max at maximum value

P at peak pressure

Dimensionless variables:

Cn normgl-load coefficlent for a rectangular flat plate based
F
N

on Aj;f rs—m—
: %pfzbEA

Cx normal-load coefficlent for a rectangular flat plate based

b Fy
i
2%

A beam-loading coefficient | —to

pgb3

T pg pressure coefficient based on z
2 |

APPARATUS

The investigation was conducted 1ln the Langley impact basin with the
test equipment described in reﬁerence 5. The test model was a forebody
of a seaplane float, substantislly prismatic in shape as shown in figure 1.

. o]
The prismatic section had an angle of dead rise of.EE% .

The instrumentation used to measure horizontal velocity and vertical
veloclty at water contact i1s described in reference 5. Accelerations in
the vertical direction were measured with two oil-damped strain-gage-type
accelerometers having approximately 0.65 of the critical damping. One
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accelerometer had a range from -12g to 12g and a natural frequency of

120 cycles per second while the other had a range from -10g to 10g and

& natural frequency of 100 cycles per second. Both instruments were
recorded by 0.65 critically damped galvanometers having natural fre-
quencies of 100 cycles per second. Vertical velocity after water con-
tact was obtained by integration of the vertical acceleration. Draft

was obtained by double integration of the vertical accelerstion. The
instants of water contact and exit of the model were determined by means
of an electrical circult completed by the water. Pressures were measured
with 43 gages distributed over the hull bottom as shown in figure 2 and

table I. Forty-two of these gages had flat disphragms of %»-inch diameter

which were mounted flush with the hull bottom; the other was a bellows-
type gage with a %u-inch-diameter pickup surface. Natural frequencies

of the pressure gages were several thousand cycles per second and the
response of the oscillograsph recording system was accurate to frequencies
up to slightly more than 1000 cycles per second.

In order to evaluate properly the experimental accelerometer data
(and the derived velocity and draft data), the dynemic response charac-
teristics of the accelerometers and the corresponding recording galva-
nometers had to be taken into account. Analysis of this dynamic response
for the experimental conditions of these tests showed that the response
characteristics of the accelerometer-gelvanometer clrcult were of such
a nature that the magnitude of the recorded accelerations should be
reasonably accurate but that the recorded traces were displaced in time
by approximately 0.005 second. All the data presented in this paper
have been corrected for this time lag.

PRECISION

The instrumentatlion used in these tests gives measurements that are
estimated to be usually accurate within the following limits:

Horizontal veloclty, feet per second « « ¢« ¢« ¢ ¢« ¢« o ¢ ¢« « +» « « 0.5
Vertical velocity at water contact, feet per second . . . . . . 0.2
0.5

Vertical velocity after water contact, feet per second . . . . .

Vertical acceleration, percent « « « ¢« ¢« ¢« ¢ ¢ ¢« ¢ o ¢« ¢ o s o « « 5
Pressure, pounds per square Inch « « ¢« « ¢ ¢ ¢ « o« o &+ + & 2 + 0.1p
Time, SeCOnAE ¢ « s ¢ o s o o o o s o s » o o s o o o o o » « F.005

Dl‘aft, feet . e e o s @ s e e » a s - * s e e & . . . . s . io.o3
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TEST PROCEDURE

A series of 30 landings were made in smooth water with the model
at 0° yaw and at various fixed trims. Sixteen landings were made with
the model loaded to.a weight of 1177 pounds, which corresponded to a
beam-loading coefficient of 0.48. For these landing runs the model was
tested at-trims of 0.2°, 3.2°, 6.3°, 9.3°, 12.4°, 20.5°, and 30.3° for
a range of initial flight-path angles from 4,6° to 25.9° and also for

90°. Fourteen laendings were made with the model loaded to a weilght of
2369 pounds, which corresponded to a beam-loading coefficient of 0.97.

For these landing runs the model was tested at trims of 0.29, 6.3°,
12.4°, 15.4°, 20.5°, and 30.3° for a range of initial flight-path angles
from approximstely 5° to 15° and also for 90°.

During each landlng a compressed-air engine (described in refer-
ence 5) exerted a vertical 1ift force on the model equal to the test
weight so that the model simulated a seaplane with wing 1ift equal to
the weight of the seaplane. Otherwise the model was free to move in
the vertical direction. The model was attached to a towing carriage
welghing approximately 5400 pounds in such a manner that it could not
move horizontally with respect to the carriage. Because of this large
additional carriage inertia, the model did not slow down very much-
(horizontally) during any landing. .

EXPERIMENTAL RESULTS

The initial vertical, horizontal, and resultant velocities, flight-
path angles, trims, and model weights for all landings are presented in
table II together with the experimental over-zll loads and motions.

Time histories of the vertical velocity are presented in table III. The
corresponding instantaneous horizontal velocities are substantially the
seme as the initial values given in table II since the change in hori-
zontal velocity during any impact was small. The values of the maximum
pressures recorded on each pressure gage are presented for all runs in
table IV and the corresponding times of maximum pressure are presented
in table V. The peak-pressure data for two runs asre plotted against

%pée in figure 3. The average value of the peak-pressure coeffi- . —

cient 1Pp2 (see faired lines in fig. 3) as obtained from similar plots
50z

for other runs are plotted against trim in figure 4 for all runs. In

table VI are given instantaneous-pressure-distribution data from most
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of these landings together with the corresponding measurements of time,
draft, vertical veloclty, and vertical acceleration. Illustrative pres-
sure distributions are plotted in figure 5 for various trims.

Transverse-wave-rise measurements, as defined by the following
equation, are shown in figure 6 for trims between 3.2° and 15.40:

_ta.n 82

" ten & (1)

The angles 81 and &2 are shown in figure T(a), &)1 being given by
the relation

tan 57 = tan T cot B

The engle 8, was obtalned from observations of the experimental pres-

sure distributions (from table VI) or of the position of the peak pres-
sure on the float (from table V). For trims greater than epproximately
15°, an examination of unpublished underwater photographs obtained at
Langley tank no. 1 for a planing prism having an angle of dead rise of
20° indicates that the peak-pressure line is curved; therefore, equa-
tion (1) is not valid. Consequently, no wave-rise ratios are shown for
the trims larger than 15.4°,

ANATYSIS OF RESULTS

Wave Rise

During the impact or planing of a V-bottom prismatic model, the
water rises above the level water surface. The forward component of
this rise (xp - M@ 1in fig. 7(a)) is usually smell. The transverse wave
rise, however, is usually large. This transverse wave rise is defined
by the location of the peak-pressure line on the hull bottom, which is
close to the boundary of the wetted area (see fig. 7). For small trims
(up to approx. 15° according to the previously mentioned unpublished
planing data for a model having an angle of dead rise of 20°), this peak-
pressure line is substantially straight and can be conveniently described
by the ratio K. Pierson and Leshnover have proposed the following
equation for K in reference 4
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K £<1 3 tan2p gos B _ tan B sin26> (2)
1.7x 3.3x

This theoretical variation 1s compared with the experimental data of
this paper in figure 6. TFair sgreement is seen to exist.

Peak Pressures

Several equations have been proposed for the peak pressure on
V-bottom wedges having a finite angle of trim. Two of the most promising
of these equations are considered and a third more accurate equation is
proposed. The following equation was derived by Pierson and Leshnover
in reference h:

52 . )
P - si

Pg = (K =z B) + cos®p (3)
2°  sin®p + Koten®T

n _él—-‘

where K 1is given by equation (2). Equation (3) 1s based upon a theo-
retical analysis concerned with the peak-pressure line. If such a line
exists reasonable results might be expected from this equation. However,
for very large trims no such line exists (see fig. 7) and this analysis
does not hold. For example at 90° trim equation (3) predicts

p = coseﬁ
2032
2
whereas a more accurate relation is
P : '
al o (-
P2 . | - '

(see reference 2). In order to determine the value of equation (3) for
o
an angle of dead rise of 22% ; computed and experimental peak pressures -

are compared in figure 4, It is seen that this equation is conservative
for trims below approximately 10° and is falrly reasonable for trims
between 10° and 30°.
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A second equation which has been proposed for the peak pressure
is the following semiempiricel equation proposed in reference 2:

2 _ L (5)

ée sin®r + J% tan2B cosT
TI .

[\J_cl) =

This equation is an empirical relation which was chosen to satlsfy the
theoretical relation given by equation (&) for 90° trim, to satisfy the
following theoretical relation given by Wagner

hvl

Pp T

. cot®s (r = 0% B—>0°) (6)
2 4

Z

hL

and to satisfy the experimentsl variation of the peak pressure with trim
for a model having a 30° angle of dead rise (reference 2). Comparisons
of the predictions of equation (5) with the experimental peak-pressure

o

data from this paper for an asngle of dead rise of 22% (shown in fig. 4)

indicate that, for this angle of dead rise, equation (5) 1s conservative
throughout the trim range.

Since neither equation (3) nor equation (5) is always in close
agreement with the experimental data, a third equation 1s proposed here
as '

o - | (7)

1l :0  sin®r + J2coser
5Pz _

where J 1s considered to be a function of angle of dead rise alone.
Equation (7) was obtained by replacing the quantity % tan # in equa-

tion (5) by a more general quantity J. In order to satisfy equation (6)
and to agree with the experimental data of reference 2, J must have the

values % tan B for B—%>O° and T = 0° and for B = 30° for all trims

80 that for these cases equations (5) and (7) are identical. For other
angles of dead rise, J can be determined either empirically or from
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theoretical solutions for the two-dimens1onal case for which equation (7)
reduces to the relation :

0
For an angle of dead rise of 22% , an examination of the experimental

data in this paper indicated that the value of J that best fits the
date is 0.293. Computed peak pressures based on this.value of J are .
compared with the experimental pressures in figure 4. Reasonable agree-
ment is seen to exist for all trims.

Presgsure Distribution

Effects of beam loading and Tlight-path angle.- Experimental pressure-

distribution date for various trims are shown in figure 5 in the form of

the dimensionless pressure coefficient Iliﬁ' The effect of beam loading
§p2
on these pressure coefficients is shown in figures 5(a) and 5(b) where
experimental data for the seme trim, wetted atrea, and flight-path angle
and diffefént beam-loading coefficients are superimposed. It appears
that there is little difference in the experimental pressure coefficients
for the two beam loadings tested. The effect of flight-path angle on the
pressure coefficients is shown in figures 5{c) and 5(d) where experimental
data for the same trim, wetted area, and beam-loading coefficient and
different flight-path angles are superimposed. No apparent effect of
flight-path angle oh the pressure coefficients is noted. This conclusion
is in agreement with the results of reference 2 for a model with a -
30° angle of dead Fise.

Non-chine-immersed region.- For the transverse pressure distribution
on non-chine-immersed sections of a two-dimensional V-bottom wedge (see
fig. 7) during a zero-trim constant=velocity impact, .Wagner (see refer=
ence 6 or 7) has obtained an equation which can be expressed as

p __®cotp 1

1 2 P
P hgr 6

In order to extend this equation to apply to the case of a finite trim,
Pierson and Leshnover (reference L) have proposed that this equation be
replaced by the equation
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p _ xcot 8 1 (8)

-
P. 2

l-%:(%m:t@) +1 (x cot 8 2 2)

_pz

2 \ (9)
b

_L2=:rcot9. . (x cot 8 S 2)

1.

--pz

2 J

This relation defines € in terms of the peak pressure. Different values
of @ can be obtained by substituting equations (3), (5), and (7) into
equation (9): '

The value obtained from equation (3), which will be designated as- 61, is

o 2 D . D o '
ﬁcot@l=2\/K - 2K sin’ - X"sinp ten'y (x cot 61 2 2)
sin®g + Ktan®T
(k - sin?)°
% cot 6 = + cos28 (x cot & S 2)

sineﬁ + thanz-r

The value obtained from equation (5), which will be designated as 8o, is

1- __1;_ tanp
% cot 6p = 2 R (x cot 62 2 2)
tan®r + — tan®p
22
1 <
nx cot O = A (:t cot 8o 3 2)
sina-r + — ‘tanEB cose-r

7
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The vslue obtained

T cot 63 = 2 [ 1-9° (n cot 63
tan27 + J2 :
1
it cot &84 = (ﬂ cot 93
singT + JECOSQT

from equation (7), which will be designated as

2

<
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93, is '
?)

2)

For the usual case of impacts not made at constant velocity, as a
first approximation the following term, which takes into account the
acceleration normal to the keel and which is usually negative (see refer-

ence 3), should be added to equation (8)

EEC;2<A) [ (1)2

z (o]

where
o(A) =+ ——ll< _o.h2§) (0 < A< )
1+ —2' A+ K
A
p(A) =1 - L (1.5 < A < =)
2A
and
A (Wetted length et keel)?.

so that equation (8) becomes

~ Wetted area projected normal to keel
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a8 2
122 _ _mcot 8 21 N 2zc.2(A) - (%) (11)
_pi 2 S -1 Z
2 1- (—2) (ﬂ)

Theoretical pressure distributions computed according to equa-
tion (11) for the non-chine-immersed region of the model are shown in
figure 5 below the corresponding experimental pressure distributions.
Most of these pressure distributions were computed by using 63 with

J = 0.293. It is seen that on the non-chine-immersed region of the
float bottom these pressure distributions computed by using 63 are in

fair agreement with the experimental dats for all trims. The pressure
distribution computed by using &7 1is shown in figure 5(a) for a trim

of 0.2°, As would be expected from the peak-pressure analysis (see

fig. 4}, this equation leads to pressures larger than the experimental
pressure for this trim. However, for larger trims (not shown) there is
little difference between the pressures predicted by using 6; and 63.

For all trims, predictions of the pressure distribution based on 6o

(not shown) are conservative approximately to the same extent as the
peak-pressure predictions of equation (5) are conservative (see fig. 4).
It is noted that the theoretlical effect of beam loading on the pressure
distribution (which effect is given by expression (10)) appears to be
greater than the experimental effect.

Chine-immersed region.- A semiempiricel procedure for predicting
the pressure distribution om the chine-immersed region of a prismatic
V-bottom wedge (fig. T(b)) has been given in reference 3. It should be
noted that this procedure requires a knowledge of the normal-load coef-
ficient CNP of a rectangular flat plate as a function of trim and

wetted length. For trims below 16° this variation can be found from
figure 9 of reference 3. For larger trims the following equation, which
can be obtained from the analysis of reference 8, can be used

Cn

_9(A) sin T cos T 73
16

— + 0.884 tan T)
A

Usually A = Ap so0 that Cy 1s approximately equal to the quantity
CNP used in the ansalysis of reference 3. From the evidence presented

in reference 3 for a model having a 30° angle of dead rise, it appears
that this procedure gives reasonable results for cases where the chine-
immersed wetted area of the model is & large fraction of the total wetted
area.
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Pressure distributions on the chine-immersed region of the float
computed according to this semlempirical procedure are shown in fig-
ure 5 below the corresponding experimental pressure distributions. It
is seen that where the chine-immersed wetted area is not too small a
fraction of the total wetted area (figs. 5(d) and 5(e)) fair agreement
exists.

CONCLUDING REMARKS

From an analysis of the experimental data obtained during a smooth-
water landing investigation of a substantially prismatic float heving

)
en angle of dead rise of 22% and beam-loading coefficients of 0.48 and
! .

0.97, it is seen that the experimental wéve rise is in fair agreement
with the theoretical prediction of Pierson and Leshnover.

Comparisons of computed and experimental peak pressures indicate
that the peak-pressure equation advanced by Pierson and Leshnover appears
to be conservative for trims below 10° and to be in reasonable agreement
with.the experimental data for trims between 10° and 30°. The peak-
pressure equation advanced in NACA TN 2111 appé€ars to be conservative
for all trims. A third peak-pressure equation advanced herein appears
to be in reasonable agreement with the experimental data for all trims.

An examination of the experimental pressure distributions indicates
that there is no effect of flight-path angle on the pressure coefficlents
based on the velocity normal to the keel and that there is little differ-
ence in the experimental pressure coefficients for the two beam loadings
tested. In non-chine-immersed regions of the float, computed pressure
distributions corresponding to the three peak-pressure equations mentioned
compare with the experimental pressure distributions in much the same
manner as for the respective peak pressures. In chine-immersed regions
of the float where the chine-immersed wetted area 1s not too small a
fraction of the total wetted area, computed pressure distributions are
in fair agreement with the experimental results.

Langley Aeronautical Lgboratory
National Advisory Committee for Aeronautics
Langley Field, Va., January 10, 1952
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TABLE I
PRESSURE-GAGE POSITIONS

(See fig. 2)
n € n

Gage (£t) Gage | (£e) | (£1)
1 0.h7 23 1.82 1.08
2 17 2 1,82 1.2
3 1.08 25 1.82 1.39
L 1.39 26 1.82 | 1.54
5 A7 27 2.23 47
6 77 28 2.23 77
7 1.08 29 2.57 47
8 1.39 30 2.57 17
9 .62 31 3.4 «32
10 A7 32 3.h0 47
11 1.07 17 33 3.h0 62
12 1.07 | 1.08 3k 3.ho 17
13 1007 1039 35 073 “oh?
lh 1.17 062 36 . 73 "062
15 loha oh? 37 073 "077
16 1.48 17 38 .13 -e93
17 1.48 1.08 39 1.07 ~-e32
18 1.82 032 Lo 1.07 -.93
19 1.82 A7 I 1.48 | -.32
20 1.82 .62 hz 1oh8 "Oh.’
21 1.82 077 h; 1.!‘8 "'077

22 1.82 93
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TABIE IT

INITTAL LANDING CONDITIONS AND OVER-ALL LOADS AND MOTIONS

At contact At (ni.) At Y

. . T max qaX | Time, t,

un| = v y x vy |t y |¥ t y at exit
° ° o' ° i (sec)

(deg)| (fps)| (fps)| (fps)| (deg)|(sec)| (g)|(ft) [(frs)|(sec)| (£t)

1 10,5 [10.5} © 90.00( 0.022]3.140] 0,22 8.9 |~==oej —=— | No exit

2| 0.2110.5110.5{ 0 1|90.00f .025|3.h2! .25| 8.8 | ~em=fm=n= | No exit

3 104'5 10.5 0 90000 -029 3030 028 8.6 - eem| Seemens= No exit
L 80.6 | 10.1 | 80,0 | 7.20|0.0Lho|L.81}0.36] 6.9 [0.116[0.55 | 0.356
5| 3+2{c7 9110.7|56.7 {10.69 .ola|h.a] .39} 7.5 | .189| .68 | .%)s
61 6.358,2]10.557.2 [10.h0[0.050!);.58{0.h6] 6.5 10.118[0.6L | 0,36k
7] 9,3189:.3] 7.2 89.0 | h.62[0.067[3.77{0.k0} 3.0 j0O.09k] 0.3 | 0.205
8 *? 157.5110.2 |56.6 |10.22] .058{h.57] .50} 5.5 | .106| .62 <304
9 05 609 80.2 h.92 0-078 3.73 o.hl 1. 0.093 O.hz 0.208
10 17943 8.7{78.8 | 6.30, .068{Li.84 .h6| 2.7 | .086] .48 | .202
11 |4, |80.5 | 8.9180.0| 6.35| .06715.15| .b8} 3.0 .087} .51 | .197
12 ** 158.9!10.8 {57.9 {10.57 .084{Lh.88] .58} 5.3 | .105] .68 266
13 L7.9 | 10.6 | 167 [22.79] .066{k.1T7! .60} 5.9 | .127} .75 .331
1’4 h?.l 1005 ,-1509 12.88 .%2 h»ﬁa [ 'f 6.h 0130 o%oi 03&5
15 [20.5 39.4 | 10.5 | 38.0 |15.145/0.076]/3.67/0.67} 5.3 [0.131}0. 0.359
16 130.3 | 2k.7 | 10.8 | 22.2 | 25.94|0.096[2.2]0.91} 7.0 | O.2h5]1.3k | 0.658

W = 2369 1bs G, = 0.97

17 1200 12.0 0 90.00 00032 ?-63 0.35 10-2 Sam e—— Smmtemas No eﬁ.t
18 | 92 |32,0]12.0] 0 |90.00| .031|2.k%! .35]10.5 |~wmmf === | Fo exit
19 — |83.2] 8.0/82.8] 5.52/0.072{3.02[0.51] 5.0 [0.1L0j0.66 | 0.32k
20 | 6.3 183.5}11.1}82.8] 7.6 .055|h.8k] .55| 7.k | .136f .80 .330
21 63.8 11.1 6208 10.02 .ﬁs 3.92 057 70h 0173 089 0&59
22 12 82,2 7.8|81.8| 5.15/0.086{3.53|0.5k| 2.9 [0.113[{0.58 | 0.256
23 *3 16,5 1 12,0 | 4542 |13.68] .068[3.13| «68; 7.7 | .182/1.05 198
2l 15.L 63.5 | 11.3 | 62.5 {10.25| 0.075|h.2h{0.72] 5.9 [ 0.126[0.86 | 0.313
25 S 11681 110 { kS h 1ko10] .078i3.1k) .79] 7.2 | .178{1.10 160
26 82.2| 7.7 |081.8] 5.38/0.091}L.13{0.53] 1.5 | 0.103} 0.5k | 0.223
27 83.1|10.8 | 82,4 | 7.47| .07Th{5.59] .63! 3.6 | .098 .67 .218
28 1205 1 63.9111.1 | 62.9 |10.00| .o081]k.32| .7h| 5.0 .123] .8k | .289
29 h2.2 1 10.9 | 10.8 | 1h.96] .087/2.88} .84| 6.8 | .18513.1h 476
30 {30.3 | k.2 ] 11.2 [ L;2.8 }1).66 2.95 0.128




TABLE 111
VERTICAL-VELOCITY TIME HISTCRIES

S

"

L4
-

C)

re

Run
0.02 0-03 Oudl. OOG O.m 0-07 0.08 Otw 0010 o-n 0.12 0.13 otlh 0-15 °¢16
1 9-1 8.0 701 Goh 5.0 5.3 1‘09 h.6 Sin— ——— —— ——— ——— m— v
2 9l 823 Te3 ] 45| 5.9 | S.h) 5.0 A7) heS | — | mm | o [ | | —
3 9.6 8-5 7-5 6.7 0-0 5.5 5.2 h.s &.6 - - Smanse ———— - ——— Sensme
b Sali| 8h| 6.9 Soh| k0| 2.9} 20| 12| | e [~ | mm—m | | =] e
5 10-0 900 7-7 6-3 5;0 3.9 3-1 2.]‘.‘ ——— ] L] walpsn i— —ra— — p——
6 9-9 901 70? 6.5 5-6 306 507 1-3 e b S —en - anrn —— ————
7 7-0 6.6 509 h.9 398 2-6 1.h -3 — TR - L S mmdn — vty ———
8 9-7 9-0 8-0 6-7 5.3 3.8 2.5 1.1_1 .5 -—.2 ——— S — Sy =
? 6!7 6!3 507 ih? 3.6 i.? 1-; oh -.T — L aaiend smam — —e—— —p—
8-3 707 6-7 5.11 309 2-3 -8 —-7 — — —a— hmaind —— —— =
8.6 8.1 7'1 5.8 h.z 2-6 1-0 "-h ——— s - R ——— L] L —y
10.4 9.9| 8.9 7.5| 6.0 hh | 2.9 1.6 S| mmm| =} e | | | -
10!3 L] 9-8 9‘0 7'9 6-6 5.3 |.|.-0 2-9 109 1.0 D-h b ——— L] o
10.2 . 9.7 8-9 7-8 6-6 5-3 h-o 2.9 200 192 -5 b [ b de ——
10.? 9.6 9-1 6.? 7.2 6.6 h.tﬂl 3.7 ?oé 107 ca 0.1 me—— —— ——
10.7| 10,51 10.2 | 9.8| 9.3 | 8.7 8.1 7.hy 6.7] 6.0 S.3| ko7 | h.2| 3.6 3.2
8 11.2 100!’. 9.6 8.8 8‘3 B.O 7-7 T.h 701 —— - —— T —— L aenand
11'6 11.3 1006 908 ?oi 8.5 aci 7'6 '—f.s 703 —— —— ——— e —— S—
8-0 8-0 708 7.!‘. 6-8 6.0 5.1 h.l 3.2 2.!1 1-7 1.0 o m— r— —
llll 10-9 10.'.]. 9"-1 8.1 6.6 5.3 il.o 3.0 2.1 baenie] —ry — ——— ——— Lo
11.1 10-? 10.& goé 891'. 70? 6-0 h-g i.t.G 3oi 2-6 - — ———— —rr— —— ——
7.8 7.7 7.!‘. 700 6-,4 5.6 h-s 3-5 2.!1 1-3 03 "‘06 —— - — ———
1009 10.3 1005 10.1 90!‘ 805 1.5 605 5.5 h.? 3-9 — — S ——_— Ar—
11.3 11-1 10.7 1001 9-1 7.9 6.6 502 3.9 217 1.6 06 ——— ——— Lanind —
1l.h4] 11.3{ 11.0{10.6 9.9| 9.0| 8.0} 7.0} 6.0} 5.1| W2} 3.} 2.7} 2.0} 1.5 -9
7-7 7-§ 7-3 6.9 6-2 5-3 !-l-? 3-9 1.7 -!l —-8 —— —— ——— ———— —
10.7 1005 9.9 9.0 7-7 6.1 ll.h 2-6 .9 --7 — —pa — ———— - —
llll 10.9 10-5 9-9 9.0 7.8 6-5 5.1 3.8 2-5 1.3 .3 —— ——— ——— ———
10.9| 10.8{ 10.7{ 10.3 | 9.8| 9.1 | 8.3 Tb| 65| 56| he| L0} | —==] —] —

gt

o1Ige NIL VOVN
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TAHLE IV
INTTIAL LANDTNG GOMDITIONS AND MAXIMUM BOTTOM PRESSURES
T | Y | ¥ x Naxiwms pressure (1b/sq in.) at gage number —
Han o 0 [+] -
(deg)| (2pn)| Cdog) [(epa) (ep)| 1| 2] 3| B[ s] 6] 7] a| 9|10L11| 12 13| (s a8 a8l 90] 20l o0 | 00
- W = 1177 1bj C, = O.%
1 10.5790.00] 10.5] O 6.7] 5.9 ——[ 1.1] 8.9 5.3] 5.3] k.0 7.0] 7.0] 5.8 ——] 3.9] 8.7 8.9 5.8 6.5 6.7 8.83| 6.3
2 | 0.2 | 10.5/%0.00] 10.5| © 6.9 s.ﬂ—.—- 1.2| 6,1 s.ﬂ 53| ~m-| 6.8 7.5 5.5 — g.a 8.5110.2) 5.9|-~—| 9.9 6.2 6.5| 8.6| 5.k
3 10.5| 90.00| 10.5] O 6.3] 6.0l —| 1.6| 5.1 6.1| 5.6 3.9 6.7 7.5 6.0 4.3 9.1 6,5 10.h)_ 5.2 7.7 _6.8] 8.0}
4| 3.2 | 80.6] 7.20[ X0.1[U8.0 T Th. O T5.5 ——| b3[10. 9 WL 2[12.3] 70|18, 1[0l &[] —|  -9|18.7|16.2 T1.9]~~—| B.3[10.3] 11, 7[1E.2[12. 2
| 5 | 7 7.9110.69 1 10,7/ 56.7 | 11,5/12,)) ~—| 3.2| B.8{10.4|10.115.1(22,0/12,2| 8.3 1.0 ~—|12.7| 8.7110.8/11.9|10.8
6 78,3 | S8.2[10.L0] X0.5[572 | 16.0| T1uh] ——|—— [12.7 ——|15.3] 9.3]16.5| 7.0/ 13.5 9.5 12,015, 2[15.8]12.5
T | o5 | B9.3[ BB2| 7.2[B9.0 [ 22.2[20.315.7] 2.5(19.7] 20.1[12.5] O [21.54]32.8] —— Cal ) 1.0 lo o
B | 7°7 | 57.5|10.22| 20,2(56.6 | ——|15.7| ——| 3.}|17.0{18.5]|15.5| —|18.8| 27,6| ~—n —-|21.5/18.8 13.1 13.58|15.0/1h.0
g 80.5| k.52 &.9[B02 [ BA A9 ——| 8.5[——] ZL.E[10.3] 6 |21i.B[3k.9 0 [19.5] ) 6 |0
10 79.3] 6.30| B.7(78.8 | 26.3( 2h.5| —| 2,5(22,8 23.1(19.7] 2.2|25.6|38,5|~—- ~—i 0 [23.3 hadl 06 |0 | 0
1L |jap 5| 6.35| B.9 B0.0 | 27.3|26.3| ———| 8,2|26,2| 25,2|20.6| ——| 25,9 h1.B] 23,4 ~—| 1.1|25.2 81| 0o [0 |0
12 58.9|10.57 | 10.8(57.9 | 21.9{19.9) ~—| 8.3|21.6| 21.9/29.0|17.3| 21.4] 3. 7| 10.1] ~—{13.1} 22.1 17.9 35.k17.7|1h. 2
13 h7.9/12.79| 10.6|46.7 [ 18.0|15.1 ~—| 5.3]15.h 16.1}1h.3|11.6|20.5|27.1|15.8 —]10.5(17.3 13.h| 25.3{1L.2|10.5
% 147.1112,88 ] 10.5|45.9 | My, 2[1b, b e[ ~]13.3| 15, 7[ 21h,5[11. 8| 28.6 2%.9 o] ~e—{10.9] 17. ks 11,9 3423k, 2/11.9
20.5 } 39.h115.h5 1 10.5138.0 [ I5.8]17. 8] —|"3.8[12.2]1). 2[15.6[106,3| 25, 2| 15.8] ——] ———[11.0{17.1 10, 11.% i 9.2
16 [30.3 -7125.94 | 10.8{22,2 [ 8.8 B.2]——[ 4.1[ 7.8 B.h] 8,2 7.0 7.5/11.3|—d ——1| 7.1] B.1 5.8 5,90 631 6.
W = 2359 1b5 C, = 0.97
] 12.0[p0.00] 12.0] O 8.9] 6.5 —[ 2.1[ 6.9 B.2[ 7.3 5.2[ 8.3] B.7]~—~— —] 6.0/11.0013.7 9.0]22.3] 9.0] 5.810.6] 9.9 8.9
1& 0-2 12.0 90-00 12-0 D 8-1 792 —— 2.1 7-1 B-? 7.7 hu 6.6 801 ] - 6.1[ 10-9 ul_ 8J —— g-_ 3-3 10!0 900 8.1
15 8.21 5.521 B.O[B2.0 1551 Th.ET2.0] 6.3 1L 8 16,5( Xh 8 T, 1[ 15, 7| 2. 3[—— ——| 12. 2] 16.5] 22,7 18.5[13.2] 25,6 11 9 17,1/ 17.9| 16.1
20 | 6.3 | 83.5| 7.6k 11.1)82.8 | 22,519.6| ——| 9.}|21.7| 23.2|22,6(17.1| 2h.7| 35.3| ~— —|19.1| 75.5] 23.8
21 £3:8/70.02]11,1,42.8 118,1118,3) ] £.515.2/18.5/37,414.5]35.2] 28,8 —~—rf ~——[15.| 8.5 5 hi17.9
ET k g2l s.lp | 7.9/ 810 [ 25.8[%5.5[Z2.B[ 10.7| 23. & 28.8( 2. 7/ 12. [ 28. 5 1.6 15430, 0 2.0
23 * -5 13-68 11-0 %5;2 _16-0 16.1 ——— 6.3 [ >, 18-5 18-2 07 19-7 %-s T S — 1 __m_
2h 3.5(10.25 | 11.3[62.5 | 28,6 26.2[ 23 A1l 1] 2. 7| — [ 29.6] BiaT| 32, B| 5. 7| 30.E sl 23,
15k | 14,83).30f 10.L{k5.} | 18.h|17.9]1h.2|15.5[16.2] 17.8(19.7/16.7| 21.8) 29.1| 18.8] ——| 15.8
28 82.2[ 5.38] 7.7[BL.8 [ 38.0[3h.0[—13.5(37.2 35.9]32. 7] 21.}| 35.8 £1.6| 3b.8 0.8 2.2
27 s 33-1 Tah', 10-8 B2.h w.l 37-8 — 15-3 3507 hl.ﬁ 38-2 alnh 39-3 63-0 m—im—nmm] Se—— 29-1
28 1205 | £3.9120.00 | 11.1(62.9 | 26.9{ 25.L{ — 10.7|26.2| 31.1|28.2{ 22.5| 20.3 | k3.1 | h2. 8| —ri 23.3
% k2.2|1h.96 | 10.9|40.8 | th.8|1ly|——| 7.2(15.1{27.6|17.k|2h.0l27.0/28.7 -~—|13.8
30 [30.3 | Rh.2[1h.681 X1.2[h2.8 |15.2{19.4[15.B112.5(16.8 —- ﬁ"w 15.6{16.5[18.9 16.!1-—-— .
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TABLE IV

INITIAL LANDING CONDITIONS AND MATTMUM BOTTOM PRESSURES - Concluded
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TABLE V

TIMES OF MAXTMUM BOTTOM PRESSURES

Time of maximm vressura (aec) on gage mimber—

Run

1 2 3 4 6 110 |11 % |15 17 18 22
1 [0.010]0.019|0.034|0.0hs 0,019 0.0Y5(0.009 | 0.0L9 0.016|0.011 0.032{ —— 0.027
2 | .ol .o21| .033] .0k .020 LO013| .011| .020 .015| o011 .033| .008 .027
3 | .012| .021| .03k .OhT 020 .016| .011] .020 017 .on2 .03h| .009 .028
L | 010! .020| .033| .ch7 -02l .020| .020! .02% .021| .020 —— 020 «0ho
s | .02| .020| .033| .05 <026 .020| 06| .02 .023] .018 131 .07 .Oi;
6 | .c23| .023| .03k| 0L 024| 07| 032 027} . .139| . N
T 020 -036 owh +090 -d-lg .08 .0h2 062 0055 -lsa (I.) 061 (l)
8 [~ee——| 021 .032| .OUS 028 .028| .025! .035 .032| .032 -~ .038 .059
9 | .02 .039] .086] .0%0 »055 .060] .083] .080 0714 .0%h — ()
10 | .018| .029( .0h3| .O70 L0h3] .043| .oho! .085| 051} .08} (a) | 083 (m)
11 .08 .028| .oh2| .059 04 2f .Ohh| .039| .05L .Ohs! .05k -063 (a)
12 | .0lh| .02h[ .03k .Ok6 .03k <034 .031} .01 037} L0l 059 JOhk 07
13 | .o1h| 024 .o3h[ .OhS .033 +033| 031 OO .038| OhO LO8h| .Oh3 .058
Uy [ .OLT] .025] .037| .OhT .035 L086| .032| .ok2 00| .oy2 Sm— Y, S OTL
15 ' 0017 -026 v035 oo,.lﬁ -038 -0'12 0039 e .0!19 -G? 0078 -MT c097
16 L .on8F 0270 .038] .48 <Ohe 05l .o52] (061 .081] .072 129! .087 106
17 | 010 018[~—m]| .Ql2 -019 01L| 010 |~ 016 .1 .008 026
18 .011 .019 T— .(&2 -019 .015" -DJ.J. 0028 -016 .m-z c029 .007 1026
19 | .o20f .033] .OL7| 081 oLl .036| .031( .046 0hO[ .039 066 .038 066
20 | .0l4| .02k ,03ls| .Ohh .028 L025| W02k 032 .027| 026 0h7| 029 -5
21 | 013 .021| .032} .Oh) .026 .026| .020| .029 026 026 O0h6] 026 .
22 | .o21| .o34| .oh8| .06k .08 .050| .obk| 089 L0558 .060 ——| .086 _—
23 | 012, .0201 031 .ONO - 030, .030{ .028{—— .035] .03 == 0ho 080
2h -015 ! .02!; .032 -u-lo o -035 0033 -d-lo -dlo — .CﬁB -(*9 .071
5 .0111' 0023 .03h cohz 1033 -03!1 1032 'd&l .039 —— .mo -d16 oﬂ
26 .021[, 003& cdla cwl- -055 lﬁj 0059 '015 -07'-1 099 -126 (ﬂ) (..)
27 | .00kl 022l .032(".0h2| +037 o2 ,ohol| o8 .04B| .056 .107| .057 .096
28 .013 1023 .032 .0.!12 .036 -d.ll . -038 .Dh? .(116 .62 —————— .052 .087
29 | .0l0} .020| 030 .OWO .032 .035] .035] . 03| .050 ——-}| .058B .00
36 -Cﬁ? -UAES 0635 -ﬁz Frtmimariar !%G -%9 IUJ’C‘J .%7 = — os% -4.03

22ero prassure on gage.
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TABLE V - Concluded
TIME OF MAXTMUM BOTTCM PRESSURES - Comcluded

cc

Time of maximam pressure (sec) on gage mumber —
Run
23 (2 |22 |2 |27 |28 |29 |30 |[3r |32 |33 [3h [35 |36 |37 |38 |39 |k | k2 |h3

1 [0.035|0.0h0|0.0L7|0.05% : 0.0160,026]0.012 {0.017 [0.022 |0.025|0.017| 0. 020 |==—~—| 0,031 [0.012| 0.030 |0.012| 0. 016 {0, 02
2| .033| .0ho| . - 08k |- | ——| .013| .026] .022] .017| .022] .027{ .05 .021|——~| .071| .022| .031| .012} .015| .023
3 9035 .0!10 .(ﬂ;'i’ —————— 0017 wennemm=s | -017 u026 0011‘ .018 .Dﬂl -027 -017 0022 0026 0031 .012 o031 -012 .017 .026
h | -ok9| 058 .070|~——| .028|—--| .030| .OL2[ .032} ,036| .Oh2| .050| ,021| .025| .029( .035| .O017| .037| .019| .022( ,032
| .OhS| +052] 059 ——]| .026]=vmmm .032| .oht| .028| .03h| .chO| .OWS| .020| .023| 029 .033] .016| .035| .019| .023] .028
6 0$6 -wh - — '039 = -Ollh '0;6 1&7 -t$6 .(ﬁz -073 0022 .025 aoﬂ 0036 020 .035 noﬁ .029 .le
7 [ (a) | (a) | (&) t——=—} (a) (a) | (m) | (&) | Ca) | (a) | (o) | -038] .0h6| .0Sh| .06k| .ohO| .085] .052| .OB1|—~——
6 | .058( .080| .108 ~—| .OL9 .059| .080| .082| .108] (a) | (a) | .026] .030| .036| .oho| .026| .OhA| .033| .038| .Oh7
9 ("2 (@) | (@) [——~| () | (@) | (@) | (&) | (&) | (a) | (&) | (a) | .Ohk| .O51| .0B0| .072| .Oh9{ .090| .066| 081 (=)
10 | (o) | Ca) | (o) |——— (&} [ {a) | (&) | (&) | (a) | {a} | (&) | (&) | .035] .OMX] .Ok7| .0S5| .037] .069| .052| .06k .088
1| (a) | 2088 <093 —|omme| 2088 (@) | (&) | (a) | (&) | Ga) | (&) | -036f olo|-—| ‘055 so35| Log9| .os1| -os9| o8B
12 | .o9l| JOBh|~—m—|——] L066|—/| .0B9| (&) | (a) { (a (o) | (a) | -030[ .03h| .039| . 031 .051| .Oko 055
13 | .078} .090{ 1LO[————| .063|~——| .077| .203] (a) | (a) | (&) | (2) | .030| .033] .039| .Ohk| .031| .051| .Oh1| .0kS| .053
]J; .082 .092 «107[—— -(55 ——— 1077 «100 (l) (.. (l) (l) 1029 0033 .038 cm 0031 .050 .0’.|0 .dla .t$6
15 0107 0127 0137 e 102 pemme| e (‘) (‘) (.'; {‘) (.') -036 iﬂu ———— 050 -011.3 X -%0 -G6 |m1 .m9
16 | 115} 12| Q31| ———] 126 <161 - (a a) | {a) | .OL3] .coh7| .050} .0S6| 053} .068| .O7h| .O7T! .0B6
17 | 030} .036| .oh2f-———=| .OAS5}-~—| .015| .026| .0D0| .OL6| 020 025 026 .O19[ .O24} .02B| .ORO| .O27[ .01O! .QL6} .025
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NACA TN 2816
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o
Figure 1.- Hull lines of float having = 22% angle of dead rise.
(A1l dimensions are in inches.)
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Figure 2.- Location of pressure gages in float.bottom.
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NACA TN 2816

12
[ Faired line through experimental data
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(a) Bun 1; 7= 0.2°
12 —

(>
i

=
{

Peak pressure, Pp, 1b/sq in.

! L | 1

2 3 L

-;:piz, 1b/sq in.
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(v) Run 16; T = 30.3°,

Figure 3.~ Experimental variation of the peak pressure with -é—pé2 for

two runs.

29



P

[ —————— Equation (3)
— — — — Equstien (5)
——— — —— FEquation (7)

-

Ca
O 0.48 | Averags experimental ‘peak-pressure coefficients
0O .97 ! (See faired lines in figurs 3 for runs 1 and 15.)

go3”

Petlc-pressure comfficient,

1 | L 1 ! 1 S R | 1

= Ll

0 L 8 12 16 20 2L 28 - 32 36

Trim, <, deg

Figure L4.- Experimental and calculated variations of the peak-pressure
-0
coefficient with trim. B = 22% .
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NACA TN 2816

Experimentaltpressure distributions

Ca

- :gg}aaud on 8y

——= .97 Based on 6;

Calculated pressure distributions

Filgure 5.- Experimental and calculated pressure distributions.
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32

Experimental pressure distributions

Calculated rressure distribution (based on 63)

(b) T=6.3 A x55.

Figure 5.- Continued.
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NACA TN 2816

(c)

Experimental pressure distributions

Calculated pressure distribution (bassd on 03)

T = 12.4°; Cca = 0.48; A ® 1.4,

Figure 5.- Continued.
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Experimental pressures distributions

Caleulated pressure distribution (based on 85)

T = 20.5°; Cp = 0.97; A % 0.9.

Figure 5.- Continued.
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NACA TN 2816 35

Experimental pressure distributions

Calculsted pressure distribution (based on 03)

(e) 7 =30.3% Cp = 0.48; A % 0.8.

Figure 5.- Concluded.



Tranaverse-wave-rise ratio, X
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Figure 6.- The transverse-wave-rise ratio |K = for a float having
! L angle of de=d rige,
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NACA TN 2816
. Intersection of model with undisturbed water swrface
x
v N Peak-pressure line
¥
. Boundary of wetted area
/

/" :
Extent of non-chine-immersed wetted area
Ext

ent of chine-immersed wetted ares

(b) Geometry for large trims.

\

(c) Geometry for very large trims.

“‘!ﬂ!;!F’

Psak-pressure point

Figure T.- Wave rise and velocity relations for a prismatic V-bottom
surface.

NACA-Langley - 11-12-52 - 1000

37



